ABSTRACT. Objective. The aim of this study was to determine whether learning and school problems in extremely low birth weight (ELBW) and reference children differ between cohorts in different countries.
A dvances in neonatal care have resulted in improved survival of extremely low birth weight (ELBW) infants. [1] [2] [3] However, concerns have been expressed that these improvements may produce an increase in neurodevelopmental morbidity among survivors. A number of studies now document the prevalence of a broad range of neurologic, behavioral, and intellectual impairments at school-age in children who were born in the early era of neonatal intensive care. 4 -9 Without exception, these studies suggest that children who were ELBW are more likely to have lower IQ and academic achievement scores, experience greater difficulties at school in mid-childhood, and require significantly more educational assistance than children who were born at term.
Few of these studies are population-based, and therefore generalizability of the published data originating from single centers with high expertise may be limited. 10, 11 Moreover, few studies extend beyond the early school years, and it is difficult to assess accurately intellectual abilities until later in childhood. Also, differences in the inception cohorts and lack of a reference group preclude precise comparisons between studies. 11 Differences in the philosophy of resuscitation and in the aggressiveness of neonatal interventions, for example, are not often addressed, and these practice differences may affect survival and long-term outcome. In addition, socioeconomic factors, racial and ethnic differences, the nature of funding of health care, and variability in the methodologic rigor at follow-up may further contribute to differences in the reported outcomes.
Differences between studies may be even more pronounced in international comparisons. The risk of mortality and early neurodevelopmental morbidity for infants Ͻ26 weeks' gestation in relation to approaches to clinical management of obstetric and neonatal care have been investigated by Lorenz et al 12 in 2 settings in Holland and New Jersey. They have shown that the lower mortality but higher risk of disabling cerebral palsy in New Jersey with near universal initiation of neonatal intensive care was accompanied by increased utilization of health care resources. It is plausible that these variations in management styles may have significant impact even at school age. In this study, we describe and compare the outcomes at mid-childhood from 4 carefully conducted international population-based cohorts of ELBW children in terms of cognitive and achievement measures and school difficulties. The aim of this study was to determine whether learning and school problems in ELBW and reference children differ between cohorts in the different countries and to explore the reasons for the differences, if any.
METHODS
The design of the study was longitudinal follow-up of all 4 cohorts of ELBW survivors from birth to mid-childhood (age 8 -11 years). Selection of psychometric measures and data collection were independent and specific to each center and collected prospectively as described below. Comparisons between centers and sharing of the collective data were made possible through a collaborative grant to establish the nature and frequency of both short-and long-term neurodevelopmental sequelae (principal investigator, Nigel Paneth). Details of each of the 4 inception cohorts are provided below.
Study Populations

Central New Jersey Cohort
During the period August 1984 through June 1987, 231 liveborn infants between 500 and 1000 g birth weight were born or transferred to 3 tertiary care hospitals in 3 counties in central New Jersey (Table 1) . These infants are a subset of 1105 infants enrolled in the Neonatal Brain Hemorrhage study, representing 85% of regional births Յ2000 g birth weight; 89% of these were inborn. 13 The survival rate to hospital discharge of the Յ1000 g cohort was 49% (n ϭ 113); 36% of the subjects were black; 8% were Latino; 55% were non-Latino white; 1% were other; and 25% were multiple births. All infants were followed prospectively from birth to school age. One infant died between discharge and the 9-year assessment. Neurologic assessments were performed at 9 years of age by trained clinicians on 79% of the eligible subjects. Psychometric assessments took place predominantly in the homes of the subjects at the same age. 14 When home visits could not be arranged, telephone or mailed questionnaires were completed by the mother or guardian. The proportions of eligible survivors assessed by psychometric assessments was 60% at 9 years of age; however, the follow-up figure was higher (74%) when maternal assessment of school performance was also included (Table 2) . A reference group was not recruited.
Central-West Ontario Cohort
During the period 1977 to 1982, 397 live births of 500 to 1000 g birth weight were born in the region of central-west Ontario (Table 1) . 15 The majority of infants (69%) were inborn at the tertiary care center; 16.4% were transferred from community hospitals, and a small proportion (14.3%) died at the local hospitals before they could be transferred and are included in the denominator of live births. Intensive care was not initiated and/or was withdrawn in 16.8% of births. The survival rate to hospital discharge was 45% (n ϭ 179); 94% of the subjects were white. All survivors were followed prospectively from birth to 8 years of chronologic age 4 ; 6 ELBW children died postdischarge. At 8 years of age, 155 (90%) of 173 ELBW survivors and 145 sociodemographically and age-matched term control children, recruited from a random list of children provided by the local school boards, were assessed at the hospital clinic by research psychometrists who were blind to the group status ( Table 2 ). Neurologic examination was performed on all subjects at the same visit by 2 pediatricians and an experienced nurse clinician.
Bavarian Cohort
During the period February 1985 to January 1986, 203 infants who were of 500 to 1000 g birth weight were enrolled in the study (Table 1) ; of these, 95 infants survived (survival rate: 47%). These subjects were part of a larger cohort of 682 infants Ͻ32 completed weeks' gestation, or Ͻ1500 g birth weight, delivered in South Bavaria from a catchment area of 16 children's hospitals. 16 Comparison with state perinatal survey records indicated that Ͼ99% of all births were recorded during the study period. Three ELBW children died postdischarge; the follow-up rate was 87% (n ϭ 80) at 8.5 years of age (Table 2 ). In addition, a full-term control group (n ϭ 320), as well as a normative population sample representative of the region (n ϭ 291), was matched for age, sex, maternal educational status, and urban versus rural place of residence and studied prospectively at the same ages. The children were seen in the hospital clinic with face-to-face assessments using a battery of standardized tests, observations, and interviews from birth to 8.5 years of chronological age. 17 Neurologic examinations were performed by trained clinicians using a structured format.
Dutch Cohort
In 1983, 1338 infants (94% of all live births) were delivered before 32 completed weeks of gestation and/or a birth weight of Ͻ1500 g. 18 Of these, 310 infants weighed 500 to 1000 g at birth (Table 1) , and 145 infants survived (survival rate 47%). All children were followed prospectively from birth to between 9 and 11 years of chronological age. 5 Five children died postdischarge; the follow-up rate was 84% (118 of 140) at school age (Table 2 ). At 5 years of age, neurologic assessments were performed on 96% of the subjects in their homes by a trained pediatrician. Although information on school difficulties was obtained by questionnaires on 84% of the cohort, psychometric tests were administered to only 30 randomly selected children. Term controls were not recruited, and the results were compared with the Dutch psychometric norms published in 1986.
Psychometric Tests
Each center had at least 1 measure of cognitive status and 1 measure of achievement administered to the children (Table 3) .
Adjustments for Reference Standards
In view of the discrepancies related to the years of standardization of the psychometric measures, adjustments were made for comparisons for both cognitive and achievement measures based on the reference norms and standard deviations (SD) within each country. Because New Jersey did not have any term controls, the means and SD of the most current national test norms for Wechsler Intelligence Scale for Children, Third Edition (mean: 100; SD: 15) 19 and the Woodcock Johnson (mean: 100; SD: 15) 20 were used. As the Wechsler Intelligence Scale for Children-Revised (WISC-R) 21 and Wide Range Achievement Test Revised 22 standardization sample for the Ontario cohort 4 was outdated, it seemed appropriate to use the means and SD of the Ontario term matched controls as the normative sample (WISC-R: mean: 104, SD: 12; Wide Range Achievement Test Revised-reading: mean: 95, SD: 17; spelling: mean: 93, SD: 17; math: mean: 94, SD: 13). The Kauffman Assessment Battery for children 23 and the achievement measures 24 -26 used in Bavaria were considered to be current, and therefore the reference norms of the tests were used (mean: 100; SD: 15). As a control group was not available for the Dutch cohort, the reference norms (mean: 100; SD: 15) of the WISC-R Dutch version 27 and the Dutch achievement measures 28 -30 were used.
Children were considered to have "normal" scores when their scores were Ն1 SD of the mean of the normative sample for their country or for the matched controls, when available. Similar comparative data were used for those who were in the "abnormal" range, ie, Ͼ2 SD below the mean of the country-specific normative sample or that for matched controls. Untestable children with severe impairments and cognitive deficits (IQ Ͼ3 SD below mean) were assigned scores Ͻ40.
Parent Report of School Performance and Criteria for School Placement, Grade Failure, and Special Educational Assistance
Parents of children in all cohorts completed questionnaires about grade repetition and special educational assistance. Criteria for providing special education in New Jersey and Ontario varied among schools. In general, children received part-or full-time special assistance in their own class and sometimes outside the class but generally within the same school. Referral for special educational assistance was at the discretion of classroom teachers, and children were rarely sent to special schools. Grade retention was enforced for children with significant delay in most school boards.
In Bavaria, all children received a school entry assessment, and decisions for placement in a special school or delayed entry were made jointly among the school educational and medical services, support agencies, parents, and the head of the school. Special schools are provided for children with physical, neurosensory (blind, deaf), and mental handicaps and for children with learning disabilities and language disorders. Children who attended special schools were considered to have full-time special educational assistance. Nearly all children attended public schools, as private schooling is rare in Germany. The school system in Holland is somewhat similar to Bavaria. The teacher/consultant determines school placement and grade failure (either grade repetition or delayed school entry is accepted), and extra help within the classroom for mild problems is provided; children with physical or significant developmental problems are sent to special schools. 5 For the purposes of this study, children with school difficulties were defined as children who received special educational assistance and/or had repeated a grade. 31 However, in view of the differences between countries in the provision of remedial ser- Prevalence 
Informed Consent
Informed consent was obtained from the parents of all subjects at the time of the assessments within each country and per the guidelines of the local Ethics Review Board.
Statistical Analysis
Analysis of variance (ANOVA) was used to compare mean birth weight, number of days of mechanical ventilation, gestational age, and total number of neonatal hospitalization days among survivors of the 4 cohorts. The days of ventilation are reported as median and interquartile range (25th and 75th percentiles). However, because of the positively skewed distribution, we also used a natural log transformation before we ran the ANOVA. Bonferroni correction was used to adjust for multiple testing. Significant findings were followed by Bonferroni post hoc tests to determine which groups were significantly different. Independent t tests were used to compare the mean psychometric scores for sex (male vs female) and birth weight groups (Ͻ750 g vs 750-1000 g) within each individual cohort. 2 tests for categorical data were used to determine whether significant differences were found between countries in the proportion of children who needed special education, had repeated a grade, and had school problems. Regressions were run independently for each cohort to evaluate the contribution to the variance in IQ scores made by the 3 birth variables: birth weight, number of days of mechanical ventilation, and sex. Holland was not included in the regression analysis or in the independent t tests as the number of children on whom IQ scores were available was small. Table 1 shows the combined data for 1141 live births Յ1000 g birth weight for the 4 cohorts. The live births in the North American cohorts were more immature in gestational age and had lower mean birth weights compared with the European cohorts. The proportion of infants Ͻ750 g birth weight was also higher for the North American cohorts, yet a similar proportion, between 45% and 49%, survived. Although approximately 23% of the survivors in the North American cohorts were Ͻ750 g, only 12% of the European cohorts were this small. Three variables of neonatal morbidity collected prospectively were selected-proportion ventilated, days of ventilation, and days of neonatal hospitalization-to measure the severity of neonatal illness among survivors. The ANOVAs showed significant mean differences (P Ͻ .001) between cohorts in birth weight, gestational age, number of days ventilated, and days of neonatal hospitalization among survivors. Mean birth weight and especially mean gestational age of the survivors were also significantly lower in the North American cohorts compared with the European cohorts (P Ͻ .001). The proportion of survivors ventilated was lowest in Holland (53%) and highest in Bavaria (95%). Even more striking is the median number of days of ventilation, which was only 6 days for Holland, compared with 16 days for New Jersey, 32 days for Ontario, and 38 days for Bavaria. The mean number of days of neonatal hospitalization, including convalescent care, was highest for Bavaria at 120 days, followed by 100 days for Ontario. The differences in mean number of days to discharge between New Jersey and Bavaria, Holland and Bavaria, and Bavaria and Ontario all were significant at P Ͻ .001. From these variables, it seems that neonatal intensive care was most aggressive in Bavaria, followed by Ontario and New Jersey, and considerably more selective in Holland, which offered treatment preferentially to the more mature infants. Table 2 shows that the total number of survivors assessed in all cohorts was 436. The mean age at assessments ranged between 93 months and 124 months. Control subjects were available only for Ontario and Bavaria.
RESULTS
Demographic Data and Neonatal Illness
Neurosensory Impairments
Overall, the prevalence of total neurosensory impairments (defined as cerebral palsy, deafness and blindness, and mental retardation IQ Ͼ3 SD below mean) was similar for New Jersey, Ontario, and Bavaria (22%, 27%, and 25%, respectively) and lowest for Holland (11%). The rates of cerebral palsy in the 4 cohorts were 19% for New Jersey, 13% for Ontario, 16% for Bavaria, and 8% for Holland. Table 4 shows the proportions of children in the 4 cohorts with mean psychometric scores within and below the normal range for the appropriate reference norms. The proportion within the normal range (Ն85) were as follows: for IQ, between 44% and 62%; for reading, between 46% and 81%; for math, between 31% and 76%; and for spelling, between 39% and 65%. A higher proportion of children in the New Jersey cohort scored in the normal range in both IQ and achievement measures (spelling was not obtained) relative to the other cohorts. Although the distribution of IQ scores was similar in the Ontario and European cohorts, Bavarian children did less well on all achievement measures compared with their peers in their own country, as well as in comparison with the other 3 cohorts. Also shown in this table are the proportion of children who performed 1 SD (Ͻ85) or 2 SD below the mean (Ͻ70), based on the age-appropriate norms within each country. Between 15% and 27% of ELBW children in all cohorts performed in the abnormal range for IQ. For achievement measures, in New Jersey, 11% scored Ͼ1 SD and 8% scored Ͼ2 SD below the mean for reading, whereas 9% scored Ͼ1 SD and 15% scored Ͼ2 SD below the mean for math. In Ontario, 11%, 25%, and 15% scored below 2 SD in reading, math, and spelling, respectively. However, in Bavaria, a much higher proportion, 47% and 40%, performed in the abnormal range (Ͼ2 SD below the mean) in math and spelling, respectively, whereas no children scored Ͻ70 on the reading test (30% of the children scored exactly at 70). The proportion of Dutch children who performed Ͼ2 SD below the mean for reading, arithmetic, and spelling was 4%, 30%, and 21%, respectively.
Psychometric Scores
In Ontario, no significant differences were found in the scores between the smaller (Ͻ750 g) and the larger (750 -1000 g) birth weight groups (not shown); however, in New Jersey, the Ͻ750 g birth weight group had significantly lower mean scores in reading Table 5 provides data on school performance as reported by parents with respect to special educational assistance and grade repetition. A fairly high proportion of ELBW children from all cohorts (between 39% and 62%) were receiving either part-or full-time special educational assistance; there were no significant differences between countries ( 2 ϭ 4.55, df ϭ 3, P ϭ .2).
Parent Reports on School Performance
Grade repetition ranged between 19% and 34%, and, again, the proportions were not significantly different between the cohorts ( 2 ϭ 7.65, df ϭ 3, P ϭ .05). However, the proportion of children who had school difficulties (special education and/or grade repetition) was significantly different between countries and ranged from 51% in Holland to a high of 68% in Bavaria ( 2 ϭ 12.5, df ϭ 3, P Ͻ .01) . When the proportion of children who received special education and had also repeated a grade were considered (ie, the most learning compromised children), 14% to 17% of children in New Jersey, Ontario, and Dutch cohorts but no Bavarian children were in this category ( 2 ϭ 14.63, df ϭ 3, P Ͻ .005). Clearly, Bavarian school policies provided one or the other form of remediation, which was mutually exclusive, in contrast to the other cohorts.
Perinatal Variables and Psychometric Scores
In New Jersey, birth weight, number of days on mechanical ventilation, and sex were not associated with mean IQ. In Ontario, the same variables accounted for 9% of the variance in IQ scores among the ELBW. The overall ANOVA was significant (P Ͻ .01), with the number of days on mechanical ventilation being the only significant variable in the regression model (P Ͻ .05). In Bavaria, 26% of the variance in IQ scores was accounted for by the same variables (P Ͻ .001), with the number of days on mechanical ventilation being the only significant variable in the model (P Ͻ .005). Thus, in the Ontario and the Bavarian cohorts, the number of ventilation days was significantly associated with IQ scores among ELBW.
DISCUSSION
This large, international, population-based study indicates that ELBW children at school age experience a substantial burden of childhood disability, school-related difficulties, and increased utilization of special educational resources. School difficulties thus are serious sequelae of ELBW in all 4 countries, an observation that has social and economic implications. These difficulties, which cannot be identified at younger ages, become steadily more apparent as the children face increasingly complex tasks in school. Remarkable similarities across all 4 cohorts are found both in survival rates and in the proportion of ELBW children requiring special educational assistance. More than half of ELBW children, wherever they are born in Western countries, experience serious educational problems. Thus, the impact on society, on families, and on the long-term future of the ELBW children is similar in Western countries providing neonatal intensive care to infants Յ1000 g. In a separate report by this group, we found that similar behavioral difficulties are also of major concern at school age in all 4 cohorts in children of this birth weight. 8 Whether and to what extent these findings are applicable to the current survivors of neonatal intensive care remains to be investigated. It is likely that these children will also experience significant school difficulties because of the high disability rates as a result of the increased survival of the sicker and more immature infants. 2, 32 There are also some significant differences between cohorts, and these include the less aggressive neonatal management and lower rates of neurosensory impairments in the Dutch cohort compared with the other cohorts. 12 The New Jersey sample had the lowest rates of IQ deficits and reading problems compared with the Ontario and Bavarian cohorts. Nevertheless, despite better performance on standardized tests, the New Jersey cohort had the highest number of children in special education. There are several factors that are likely to explain this apparent paradox. Although 87% and 90% of the Bavarian and Ontario samples, respectively, were followed up with standardized tests, the ascertainment rate for administration of psychometric tests was substantially lower (60%) in New Jersey (although 74% of maternal respondents provided information on educational difficulties). Thus, a substantial number of children who were not assessed with the achievement tests were included in reporting educational difficulties and may represent a group who performed less well. It has been shown previously that nonparticipants have more intellectual and behavioral problems than participants. 33 Another issue is that of control subjects. The Ontario and Bavarian cohorts had same-aged control subjects, and thus concurrent norms were used, whereas the New Jersey cohort relied on test norms standardized several years earlier. Wolke et al 34 showed that using outdated normative standards leads to significant overestimation of the mean intellectual performance of premature children compared with concurrent representative samples. Secular trends amounting to an average yearly increase of 0.2 to 1.2 IQ points have been reported for both adult and child populations. 35 Finally, that the New Jersey children were assessed in their own homes rather than in a hospital setting, as in Bavaria and Ontario, may have led to less consistency in the assessments.
A difference between the Ontario and Bavarian samples is that despite similar distribution of IQ scores, the Bavarian children did more poorly in arithmetic and spelling compared with the Canadian children, ie, they performed more poorly than might be expected on the basis of their intellectual level. One explanation may be that one quarter of the Bavarian ELBW children had delayed school entry by at least 1 year beyond the usual average age of school entry of 6.6 years. Thus, at the time of testing (8.5 years), they did more poorly than control subjects, who generally already had an extra year of schooling. It is not entirely clear why the proportion of children with achievement scores below 2 SD of norms is so much higher within the Bavarian cohort than in the North American cohorts. We can only speculate on some of the reasons, such as differences in teaching methods in school, different educational standards, cultural differences in the tests used, and differences in the policies of providing remedial education in the school systems. In the 2 European samples, there is a clear destreaming system, ie, it is geared toward average to above-average performance in regular schools; children with disabilities and below-average performance receive their education in special schools. Despite these differences, it seems that approximately half of the ELBW survivors within each cohort encountered school difficulties in mid-childhood. Of even greater concern is the finding in the Ontario cohort that these difficulties persist to adolescence. 31 The strengths of this study are the populationbased nature of the data that were collected prospectively by experienced clinicians who followed methodologically rigorous standards. These include the considerable effort expended in reporting accurately the number of live births and deaths in all cohorts, the provision of details on subject losses, prevalence of neurosensory impairments, inclusion and exclusion criteria for psychometric tests, the availability of comparison or reference standards, and relevant information on standardization data for clinical and psychometric measures. The analysis of the grouped data was performed jointly by the principal investigators who had assembled the cohorts, an approach that has clear advantages over meta-analyses in which differences in the inception cohorts, modes of assessment, and analyses are not always known. 10, 36, 37 At the same time, we recognize the problems that ensue from the independent assembly of these cohorts retrospectively, without previous consensus as to the study design or measures. We accept that some factors that may have an impact on the neonatal characteristics of the populations were difficult to control, such as varying criteria for reporting live births and deaths; differences in the philosophy of instituting resuscitation and/or withdrawal of intensive care; and aggressiveness of neonatal intervention and sociobiological factors such as social class, parental education, family configuration, source of health care funding, and available resources. For example, despite careful ascertainment, it is possible that some very immature live births were not registered in Holland as they were considered nonviable at the time. 1 This fact and a selective policy of offering neonatal intensive care to the larger infants may have contributed to the more mature mean gestational age of the Dutch cohort relative to the other 3 cohorts. The mortality rate of the cohorts, however, did not differ, but the proportion ventilated and the mean days of ventilation in the Dutch cohort were remarkably lower, suggesting a less aggressive approach to the care of ELBW infants relative to other cohorts. These differences in management styles could have had an impact on subsequent morbidity and may explain the low prevalence of impairments in the Dutch children compared with the New Jersey cohort. 12 
